Sensory circuits are shaped by experience in early postnatal life and in many brain areas late maturation of inhibition drives activitydependent development. In the newborn spinal dorsal horn, activity is dominated by inputs from low threshold A fibers, whereas nociceptive C-fiber inputs mature gradually over the first postnatal weeks. How this changing afferent input influences the maturation of dorsal horn inhibition is not known. We show an absence of functional glycinergic inhibition in newborn dorsal horn circuits: Dorsal horn receptive fields and afferent-evoked excitation are initially facilitated by glycinergic activity due, at least in part, to glycinergic disinhibition of GAD67 cells. Glycinergic inhibitory control emerges in the second postnatal week, coinciding with an expression switch from neonatal α 2 homomeric to predominantly mature α 1 /β glycine receptors (GlyRs). We further show that the onset of glycinergic inhibition depends upon the maturation of Cfiber inputs to the dorsal horn: selective block of afferent C fibers in postnatal week 2, using perisciatic injections of the cationic anesthetic QX-314, lidocaine, and capsaicin, delays the maturation of both GlyR subunits and glycinergic inhibition, maintaining dorsal neurons in a neonatal state, where tactile responses are facilitated, rather than inhibited, by glycinergic network activity. Thus, glycine may serve to facilitate tactile A-fiber-mediated information and enhance activity-dependent synaptic strengthening in the immature dorsal horn. This period ceases in the second postnatal week with the maturation of C-fiber spinal input, which triggers postsynaptic changes leading to glycinergic inhibition and only then is balanced excitation and inhibition achieved in dorsal horn sensory circuits.
Sensory circuits are shaped by experience in early postnatal life and in many brain areas late maturation of inhibition drives activitydependent development. In the newborn spinal dorsal horn, activity is dominated by inputs from low threshold A fibers, whereas nociceptive C-fiber inputs mature gradually over the first postnatal weeks. How this changing afferent input influences the maturation of dorsal horn inhibition is not known. We show an absence of functional glycinergic inhibition in newborn dorsal horn circuits: Dorsal horn receptive fields and afferent-evoked excitation are initially facilitated by glycinergic activity due, at least in part, to glycinergic disinhibition of GAD67 cells. Glycinergic inhibitory control emerges in the second postnatal week, coinciding with an expression switch from neonatal α 2 homomeric to predominantly mature α 1 /β glycine receptors (GlyRs). We further show that the onset of glycinergic inhibition depends upon the maturation of Cfiber inputs to the dorsal horn: selective block of afferent C fibers in postnatal week 2, using perisciatic injections of the cationic anesthetic QX-314, lidocaine, and capsaicin, delays the maturation of both GlyR subunits and glycinergic inhibition, maintaining dorsal neurons in a neonatal state, where tactile responses are facilitated, rather than inhibited, by glycinergic network activity. Thus, glycine may serve to facilitate tactile A-fiber-mediated information and enhance activity-dependent synaptic strengthening in the immature dorsal horn. This period ceases in the second postnatal week with the maturation of C-fiber spinal input, which triggers postsynaptic changes leading to glycinergic inhibition and only then is balanced excitation and inhibition achieved in dorsal horn sensory circuits.
somatosensory | neonate | pain N ewborn mammals are strikingly sensitive to tactile and noxious mechanical stimulation of the body surface. At birth, cutaneous flexion withdrawal reflexes are greater in amplitude and duration and are poorly directed compared with adults, and individual spinal dorsal horn cells in young rats have lower cutaneous sensory thresholds and larger receptive fields (RFs) (1) (2) (3) (4) . This sensitivity is especially directed toward tactile stimulation and the developmental refinement and dampening of responses to touch coincides with a reduction of A fiber inputs to the superficial dorsal horn and a strengthening of C-fiber synaptic contacts (4, 5) .
Because the intrinsic excitability of spinal sensory neurons does not change over this period (6) , the gradual postnatal reduction in excitability of spinal sensory circuits is thought to reflect the maturation of functional inhibitory connections in the dorsal horn. Whereas some aspects of GABAergic neurotransmission are postnatally regulated in the dorsal horn (7) (8) (9) , the robust GABAergic inhibition of spinal sensory circuits observed from birth makes this an unlikely explanation for the excitability of neonatal cutaneous spinal sensory circuits (6, 10) . Glycinergic transmission is also postnatally regulated (6) but remains to be investigated in neonatal dorsal horn circuits. In adults, Aβ fibers synapse directly onto glycinergic interneurons (11, 12) and glycine receptor (GlyR) antagonists enhance dorsal horn cell sensitivity to A-fiber inputs (13, 14) , analogous to that seen in the healthy developing neonate. We therefore hypothesized that the cutaneous sensitivity of neonates arises from an absence of glycinergic inhibition in the newborn dorsal horn.
The late development of inhibitory processes is a feature of many sensory systems, most notably in the visual cortex (15) and allows them to be shaped by postnatal sensory experience. The correct balance of excitation to inhibition established over a "critical period" of circuit maturation and synaptic strengthening arises through activity-dependent processes. The gradual decrease in dorsal horn sensory excitability is known to be NMDA dependent (4), suggesting the need for neural activity in shaping receptive fields and connectivity. In the first week of life, A-fiber tactile inputs arising from spontaneous movements are required if afferent connections and nociceptive reflexes are to develop normally (16, 17) , highlighting the functional importance of delayed maturation of inhibitory control of A-fiber input. The increase in strength of C-fiber inputs in the second postnatal week may play a key role here as it coincides with the decline in dorsal horn sensory excitability. We therefore further hypothesized that the onset of glycinergic inhibition depends upon activity from C fibers in the second week of life.
Results

Postnatal Laminar Reorganization of Dorsal Horn Glycinergic Terminals.
The GlyR is composed of α and β subunits arranged around a central pore. To date there are four known α subunit isoforms, (α 1 -α 4 ) and a single β subunit isoform (18) . Over the first two postnatal weeks, α 1 and α 2 subunit expression are inversely correlated: α 2 expression decreases and that of α 1 increases (19) . To examine the postnatal development of glycinergic transmission, we first mapped the postnatal development of postsynaptic α 1 /β and α 2 glycine receptor subunits and presynaptic glycinergic terminals in the spinal dorsal horn. At postnatal day 3 (P3), the ratio of α 2 GlyR immunopositive neurons to heteromeric α 1 /β GlyR + neurons in lamina III was significantly higher than at P14 or P21 (Fig. 1) . In addition, presynaptic terminal GlyT2 immunolabeling revealed clear postnatal developmental regulation of terminal patterns in laminae II i and III, only achieving adult patterns by P14 (20) (Fig.  S1 A and B) . These results suggest that both glycinergic inputs and postsynaptic sites mature in the second postnatal week.
Postnatal Onset of Tonic Glycinergic Inhibition of Dorsal Horn
Receptive Fields. Next we investigated the postnatal development of glycinergic control of receptive fields in the intact dorsal horn using the glycine receptor antagonist, strychnine (strych). Hindpaw receptive fields of single wide dynamic range (WDR) dorsal horn neurons were mapped with cutaneous brush and pinch stimuli at baseline (BL), and 20 min after application of strychnine to the cord surface [165 ng/g; P3: 1.65 μg (4.9 nmol); P14: 3.3 μg (9.8 nmol); P21: 9.9 μg (29.4 nmol)]. Fig. 2 shows that at P21, strychnine increased WDR dorsal horn neuron receptive field size by nearly twofold from baseline (mean pinch RF BL: 7.8 ± 2%, strych: 14.8 ± 2.6%, P < 0.01; mean brush RF BL: 6.0 ± 1.5%, strych: 11.3 ± 2.2%, P < 0.01), as expected following disinhibition of tonic glycine activity. However, at younger ages, P3 and P14, strychnine application had no effect on receptive field size, mapped with either brush or pinch stimulation, indicating the absence of tonic glycinergic regulation of receptive field size in the dorsal horn until rats are over 14 d old. In addition, spinal strychnine had no effect on spontaneous activity in the absence of any cutaneous stimulation at P3 but increased spontaneous activity at P21 (mean increase 0.26 ± 0.16 spikes/s from baseline; n = 14; P < 0.01; Fig. 2 D and E).
Glycine Facilitation of Dynamic Tactile Dorsal Horn Activity in the Newborn Dorsal Horn. To determine the influence of glycinergic control of tactile and nociceptive evoked activity in the developing dorsal horn, evoked responses of dorsal horn WDR neurons to dynamic, tactile (brush) stimulation and to noxious pinch of the receptive field were recorded at BL and after strychnine application to the spinal cord (Fig. 3 ). As expected from previous studies (14, 21, 22) , brush-evoked activity at P21 was significantly increased following the application of strychnine to the spinal cord, resulting in a mean increase of 5.7 ± 1.9 spikes/s (n = 14; P < 0.05). Pinchevoked activity also tended to increase but the effects were more variable. The same was true at P14, where strychnine enhanced WDR cell brush-evoked firing by 3.2 ± 0.9 spikes/s from baseline, and pinch-evoked firing by 2.8 ± 1 spikes/s (n = 10; P < 0.05). The pattern was quite different at P3, however, as at this age strychnine had no effect on pinch-evoked activity but inhibited brush-evoked activity by a mean of 2.2 ± 0.7 spikes/s (n = 9; P < 0.05).
These results show that glycinergic inhibition of cutaneousevoked activity is not present until the second postnatal week and that before that time a transient, modality-specific glycinergic facilitation is activated by innocuous dynamic tactile stimulation.
Exogenously Applied Glycine Inhibits Dorsal Horn Activity at All Ages.
In contrast to the glycine facilitation revealed by strychnine, over 89% of WDR dorsal horn cells at both P3 and P21 were inhibited from 10 min after spinal application of exogenous glycine (400 μg) and no cells were excited. Glycine application to the surface of the dorsal horn resulted in a mean decrease of brush-evoked activity by 6.8 ± 1.8 spikes/s in P21 neurons (P < 0.01), and a mean decrease of 6.6 ± 1.8 spikes/s in P3 neurons (Fig. 3 F and G; P < 0.05). Pinch-evoked activity was similarly reduced in dorsal horn neurons recorded at both ages (P3: mean decrease of 8.3 ± 1.5 spikes/s from baseline at 10 min after glycine application; P < 0.01; horn, but the ratio reverses at P14 and P21. Data presented as mean ± SEM, *P < 0.05, **P < 0.01. n = 4 animals per group, five sections per animal. Identical section appears in Upper and Lower panels at each age. and (E) P21 rats. **P < 0.01. P3: n = 9; P14: n = 10; P21: n = 14. Error bars represent SEM, *P < 0.05, **P < 0.01.
P21: mean decrease 13.7 ± 4.1 spikes/s, P < 0.05). Thus, dorsal horn glycine receptors are capable of producing inhibition of neuronal activity in response to exogenous glycine at P3, but this is not evident when endogenous glycine is released within the P3 network. Spinal blockade of glycine transport by the GlyT2 blocker, ALX-1393 (100 μg) at P21 significantly reduced brush-and pinchevoked activity after 20 min, as would be expected from an accumulation of synaptic glycine (brush: mean decrease of 4.4 ± 1.2 spikes/s from baseline, P < 0.05; pinch: mean decrease of 3.8 ± 1.2 spikes/s, P < 0.05; Fig. S2 ). At P3, however, ALX application did not alter activity (brush: P = 0.057; pinch: P = 0.098, n = 10), suggesting that there was insufficient glycine accumulation at this age or that receptors are not located near enough to the site of release to be activated by endogenous glycine release.
Maturation of Spinal Glycinergic Inhibition Is Dependent upon
Peripheral C-Fiber Activity. The postnatal onset of glycinergic inhibition in the dorsal horn suggests that the maturation is dependent on sensory activity, particularly activity in peripheral C fibers, whose synaptic inputs mature slowly over the same postnatal period (23) .
To study the impact of C fibers on the development of glycinergic inhibition, we used the impermeable lidocaine derivative QX-314. QX-314 does not permeate the resting cell membrane, but requires for permeation the opening of a wide pore ion channel such as transient receptor potential cation channel subfamily V member 1 (TRPV1) (24) . Thus, by injecting a mixture of QX-314, the local anesthetic lidocaine, followed by capsaicin (both TRPV1 channel agonists) into the perisciatic space,
TRPV1
+ nociceptive C-fiber primary afferents can be selectively targeted and silenced (25) . Here we show that injection of 2% lidocaine, 0.2% QX-314, and 0.05% capsaicin into the perisciatic area of P10 pups results in blockade of noxious reflexes, assessed by the behavioral pinch nociceptive reflex assay (26) for 8-14 h postinjection (Fig. 4A) . These injections were administered every 8 h for 3 d to ensure a full blockade of C fibers over P10 to P13.
WDR cells from P14 pups, treated with a QX-314 mixture or saline from P10 to P13, were recorded from the dorsal horn of intact anesthetized rats and their evoked activity in response to brush and pinch was recorded. Baseline responses of these neurons to brush and pinch were not different from naive P14 neurons (one-way ANOVA Kruskall-Wallis test with Dunn's multiple comparison posttest comparing P14 naive baseline, P14 salinetreated baseline, and P14 QX-314-treated baseline brush: P = 0.84; pinch: P = 0.17). The presence of glycinergic inhibition was tested using spinal application of strychnine, as described above. Fig. 4 shows that selective blockade of C-fiber activity with QX-314 mixture from P10-P13 prevented the maturation of glycinergic inhibition of brush-evoked activity at P14. In C-fiber blocked P14 animals, strychnine did not result in increased WDR activity as in naive animals, but instead inhibited brush-and pinch-evoked activity (brush: mean decrease of 13.9 ± 4.9 spikes/s from baseline; Note that within the same cell at P3, strychnine selectively inhibits brush responses, although not affecting those to pinch. (F and G) Brush-and pinch-evoked firing of (F) P3 (n = 9) and (G) P21 neurons (n = 9) in response to glycine administration to the cord. *P < 0.05, **P < 0.01. pinch: mean decrease of 12.1 ± 3.3 spikes/s from baseline, 20 min poststrychnine; Fig. 4B ). This decrease in activity was similar to that observed in naive P3 rat pups (Fig. 3) . In addition to this inhibition of neuronal firing, strychnine also significantly decreased WDR receptive field size in QX-314-treated rats (mean decrease of 9.5% ± 3.1 of total plantar surface of hindpaw; Fig. 4 D and E) . This effect was only observed when C fibers were blocked over P10-P13, a period of C-fiber synapse maturation. QX-314 treatment from P17 to P19, resulted in normal mature dorsal horn neuron strychnine facilitation of brush at P21 (Fig. S3) , implying that C-fiber input is required for the maturation of glycinergic inhibition, but not for its maintenance.
A subset of animals was allowed to grow up for a further 7 d to examine any long-term effects of QX-314 mixture treatment on the physiology of WDR neurons. These neurons showed full recovery, with clear strychnine-induced facilitation of brush-evoked firing (mean increase of 12.3 ± 3.5 spikes/s from baseline; Fig. 4B , Right column) and pinch-evoked firing (mean increase 12.3 ± 2.9 spikes/s from baseline), suggesting that maturation of glycinergic inhibition had been delayed rather than permanently prevented.
Peripheral C-Fiber Blockade Delays the Maturation of GlyR Subunit Expression and of GAD67
+ Cell Activity in Lamina III. The functional integrity of central C-fiber terminals and glycinergic terminals were unaffected by QX-314 treatment as shown by IB4 staining (Fig. S4 ) and GlyT2 expression (Fig. S5) , respectively. However, the pattern of GlyR subunit expression was altered by C-fiber blockade. The ratio of α 2 homomeric GlyR immunopositive neurons to heteromeric α 1 /β GlyR + neurons in lamina III was significantly higher at P14 following QX-314 treatment, compared with saline controls (Fig. 5A) , resembling the α 2 /α 1 ratio normally observed at P3 (Fig. 1B) . By P21, the ratio in QX-314 recovered animals was not significantly different from P21 naive controls.
In addition, QX-314 treatment altered the pattern of glycinergic control of inhibitory interneurones. ) neurons evoked after intrathecal (i.t.) injection of strychnine and brush of the hindpaw. A significant shift in strychnine and brush-evoked fos activation toward GAD + cells in lamina III was observed in QX-314 C-fiber blocked animals at P14 (Fig. 5D ). This shift mimics the pattern of activation normally seen at P3 (Fig. 5C) . The mean number of c-fos + cells remained the same in P3, P14, and P14 QX groups after i.t. strychnine (Fig. S6) , indicating that the developmental decrease in GAD + cell activation is due to a shift, rather than a loss, of glycinergic control of interneurons, from a broad control of inhibitory (and excitatory) interneurons at birth to a more selective control of GAD − , excitatory interneurons in the adult. Thus, blockade of C-fiber activity at a critical period of development results in delayed GlyR maturation and delayed organization of glycinergic control of inhibitory interneurones.
Discussion
Here we have shown that a major form of inhibition in the dorsal horn of the spinal cord, glycinergic inhibition, is not functional until the second week of life. Furthermore the maturation of this inhibition is dependent upon postnatal activity in peripheral C fibers. Thus, whereas newborn spinal sensory circuits are known to be under strong GABAergic inhibitory control (6, 10), they are free of glycinergic influence, which slowly matures over the first two postnatal weeks. Before that time, not only is there no glycinergic inhibition, but there is evidence of glycinergic facilitation of dorsal horn wide dynamic range neurons, particularly to low-threshold, dynamic brushing of the skin. The switch from glycinergic facilitation within the sensory network to inhibition occurs around P14, coinciding with the strengthening of C-fiber synapses within the superficial dorsal horn (3). C-fiber activity has been implicated in the organization of several sensory circuits within the dorsal horn (27, 28) but to date, no study has successfully silenced C fibers during development without use of a systemic toxin or irreversible damage to the entire nociceptive system. Using a combination of QX-314, lidocaine, and capsaicin, we have blocked activity in C fibers in a single peripheral nerve over a defined period of development and have established the critical role of this activity in the maturation of glycinergic inhibition. Silencing C fibers over 3 d from P10 to P13 delays the maturation of glycinergic inhibition, such that dorsal horn sensory neurons at P14 remain free of glycine inhibition and display glycine facilitation, similar to that normally seen at the earlier age of P3.
There are a number of possible mechanisms underlying the absence of glycinergic inhibition in the neonate. Here we show that glycinergic terminals, as labeled by GlyT2, are diffusely distributed throughout the deeper spinal dorsal horn until the second postnatal week, after which expression patterns begin to be restricted to lamina III, as seen in the adult (20) . However, this distribution is not affected by QX-314 treatment, which delays the onset of inhibition, suggesting that it is not critical to the maturation of functional inhibition. The absence of glycinergic inhibition in the neonate could be due to insufficient glycine release: although glycine is present in the spinal cord from embryonic days 16-18 (29, 30) , the levels may not be sufficient to activate glycine receptors in the early postnatal period. The anion reversal potential matures early (6, 9) and is unlikely to be an issue here, but postsynaptic glycinergic miniature inhibitory postsynaptic current frequency increases in the dorsal horn over the first three postnatal weeks, suggesting a developmental increase in presynaptic quantal release of glycine and/or of glycinergic terminals.
Because the results show that exogenously applied glycine is inhibitory from birth, the delayed endogenous glycinergic inhibition is likely due to immature synaptic connections. Our results point to the ratio of α 2 /α 1 subunits as a key mechanism for absence of inhibition, because the high ratio observed at P3 but normally down-regulated by P14, was still evident at P14 following QX-314 treatment. The high α 2 /α 1 ratio suggests fewer synaptically anchored glycinergic receptors in the neonate, lowering the likelihood of precise inhibitory signaling. Binding of the anchoring protein, gephyrin to the β subunit is necessary for GlyR cluster formation thus only α/β heteromeric GlyRs will aggregate at inhibitory synapses. β Subunits are absent in neonatal α 2 homomeric glycine receptors, unlike the predominant α 1 heteromers found in the adult (31, 32) . However, whereas the high α 2 /α 1 ratio may explain lack of inhibition, it does not explain glycine facilitation of brush-evoked activity observed here. One possibility is that the little glycinergic inhibition that exists in the neonate is not precisely targeted within the dorsal horn network. We tested this hypothesis by examining the pattern of fos activation in lamina III interneurones following strychnine activation in normal and QX-314-treated rats. The shift in fos activation in lamina III toward GAD + inhibitory neurons in normal P3 and QX-314-treated animals, compared with P14 untreated animals suggests a wider pattern of inhibitory interneuronal control in the neonate that is refined by C-fiber activity in the second postnatal week. That there is no detectable difference in the number of brush-activated c-fos + neurons after i.t. strychnine observed between P14 untreated, P3 neonatal, and P14 C-fiber blocked pups suggests a shift from a broad glycinergic control that includes inhibitory interneurons to a more selective control of excitatory interneurons rather than an overall change in total interneuronal activity over this developmental period.
The absence of glycine inhibition is likely to be a major contributor to the excitability of the neonatal dorsal horn and in particular to the strength of myelinated A-fiber-evoked responses, which are normally under strong glycinergic control in the adult (13, 18, 33) . A-fiber inputs dominate neonatal dorsal horn activity before the second postnatal week (1, 5, 34) and Aβ fibers form a greater number of monosynaptic inputs to superficial dorsal horn neurons during the first weeks of life relative to Cfiber input (5, 34) . Neonatal lamina I and II neurons express c-fos in response to innocuous low threshold input, in contrast to the adult, which requires noxious stimulation (1, 2). Innocuous tactile information appears to enable the organization and strengthening synapses in the neonatal dorsal horn (17, 35) and the absence of glycinergic inhibition would undoubtedly serve to maximize these activity-dependent developmental processes.
In contrast to A fibers, C-fiber synaptic input matures slowly over a number of postnatal weeks. A lower percentage of neonatal dorsal horn neurons respond to noxious stimulation of the receptive field than in the adult, and C-fiber input into the dorsal horn is weak until the end of the first postnatal week (3). Primary afferent fiber input to lamina II shifts over the weeks after birth from a predominantly Aβ fiber to predominantly Aδ-and C-fiber innervation (5, 34) . Our finding that the buildup of nociceptive Cfiber input is critical for the development of glycinergic inhibition of cutaneous activity in the dorsal horn explains early reports of somatotopic disorganization and lack of A-evoked inhibition, now known to be glycine mediated, of C-fiber responses in the adult dorsal horn following neonatal systemic capsaicin (4, 27, 28) .
A picture emerges from this study of a sensory dorsal horn that is shaped by afferent activity. In the immediate neonatal period, the predominant input is low threshold, from A fibers, and this input is important for organizing terminal fields and refining nociceptive reflexes (35) . The absence of glycinergic inhibition and presence of some facilitation at this time could be advantageous in maximizing A-fiber-evoked activity. However, in the second postnatal week, C-fiber central synapses strengthen and C-fiber activity begins to drive the maturation of glycinergic inhibition, through changes in glycinergic receptor subunit expression and synaptic reorganization. Although the exact mechanisms of this receptor subunit reorganization still remain to be elucidated, it seems plausible that these may be NMDA receptor mediated. This inhibition particularly targets A-fiber-evoked activity, dampening down the excitability of the dorsal horn, reducing receptive field size, and maximizing the relative influence of C fibers (18) . Thus, the balance of activity from peripheral sensory A fibers and C fibers drives the balance of excitatory and inhibitory circuits within the dorsal horn over a critical postnatal period.
Materials and Methods
Additional materials and methods are given in SI Materials and Methods and Figs. S1-S6.
In Vivo Extracellular Recordings. Rats were anesthetized, tracheotomized, and artificially ventilated under isoflurane anesthesia [maintenance of 1.8% (vol/vol) in medical O 2 ]. A laminectomy was performed to expose the lumbar spinal cord L4 and L5, and individual WDRs were recorded extracellularly using glass-coated tungsten microelectrodes. WDR neurons were selected such that each neuron tested responded to light touch and to noxious pinch applied to the RF. The RF of a cell was characterized and mapped using pinch and brush and drawn out in detail onto a representative image of the paw.
Pharmacology. Once baseline responses were established, 100 μL drug or vehicle was applied to the cord. Maximum activity of strychnine (165 ng/g in 0.9% NaCl) was observed at 20 min; this time point was therefore used for all subsequent graphing and analysis. In glycine experiments (400 μg in 0.9% NaCl) maximum activity was observed at 10 min.
Sciatic Nerve Blockade. P10 (or P17) pups were anesthetized under isoflurane, and 50 μL (P17:100 μL) of a solution containing 0.2% QX-314, 2% (wt/vol) lidocaine (Sigma-Aldrich), or saline was injected at the left sciatic notch. Ten minutes thereafter, 20 μL (P17:50 μL) of 0.05% capsaicin or saline was injected into the same area. Injections were repeated every 8 h (P17:12 h) for 3 d. Sciatic blockade was assessed using a superficial nociceptive pinch behavioral test described elsewhere (26) .
Immunohistochemistry. For α 1 /β and α 2 , sections were incubated in anti-α 1 /β (Synaptic Systems) and visualized using TSA and FITC conjugate. A secondary stain of goat anti-α 2 (Santa Cruz) was then visualized using Alexa 594. α 2 + or α 1 /β + cells were counted within lamina III and expressed as a ratio of α 2 :α 1 β.
For c-fos and GAD67 stain, rats were anesthetized with urethane and i.t. injected with strychnine or saline, followed 20 min later by brush of one hindpaw for 10 min. Two hours later, the cord was removed and sections were incubated in primary anti-c-fos (Calbiochem), and visualized using nickel DAB amplification. Sections were then incubated in anti-GAD67 (Chemicon) and developed using brown DAB. C-fos only and c-fos/GAD + cells were counted within LIII. Counts were performed on five sections chosen at random per animal, with four animals per group for both α subunit and c-fos experiments.
